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"SOIL CONDITIONING' 



This invention rdates to soil conditioning. 

Strongly crusting soils prevent the penetration of water (even during 
micro-irrigation) thus leading to excessive run-ofL In addition, strongly 
compacting soils are impenetrable to plant root systems. Hius the 
phmt it>ots are unable to penetrate these soils to make use of the 
nutrients and moisture available in them. These problems are best 
solved hy creatfaqg stable micro-aggr^tes of the soil throng^ the 
addition of conditioners. Such conditioners are often highly expensive 
^thetic polymeric products. 

It is well known that humic products derived from the decomposition 
of plant material in the soU are tiie most effective agents for stabilising 
soil structure. There Is, however, simply not enough of this material 
available. Further, humic acids derived from this source require 
relatively large amounts of such acids, e.g. at least 1% by weight, to 
bring about significant increases in soil aggregate stability - see Piccolo 
and Mbagwu, "Effects of Humic Acids and Surfactants on the Stability 
of Soil Aggregates", Soil Science, 147, 47 to 54. 
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It has now been found that certain coal-derived oxidation products 
containing humic adds or salts thereof (hereinafter referred to as 
oxihumic adds and oxihmnates) are exceUent soil conditioners, 
particulariy conditioners suitable for produdng aggregates and micro- 
aggregates in crusting or compacting soils. 

Thus, the invention provides according to one aspect, a method of 
conditioning a soil, particulariy crusting or compacting soils, induding 
die step of applying to timt soil a coal-derived product sdected ficom an 
oxihumic add gel, a gd of an oxihumic add, an oxihumic add salt 
capable of forming a gd In water, and mixtures tiiereof: 



Essential to the invention is the use of a gd which is an oxihumic acid 
gd or an oxihumic add salt gd, or tiie use of an oxihumic acid salt 
which is capable of forming a gd in water. In the latter case, the salt 
wiU be added to flie soU and wUl form a gd witii water present in that 
soil or which is added to tiiat soiL Further, it is essential that the 
oxihumic add be coal-derived. It has been fbund tiiat tiie coal-derived 
products can be used in much lower amounts compared with similar 
products derived from the decomposition of plant material. 
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The oxihumic acid or salt thereof wiH typically have an elemental 
analysis and functional group analysis, both on an air-dried basis, as 
follows: 

FI .OMENTAL ANALYSIS 

l^pical 



Element BanSS (%) Percentage 

Carbon 30 - 70 55,5 

Hydrogen 2-6 2,7 
Nitrogen 0,1-5 

Sulphur 0,1 - 10 0,3 

Oxygen 20 -45 32,1 

FITNmONAL r.pOTIP ANALYSIS 

T^T^ical 

F^inrtinnal Grouo Esnsi (meq/g) Anifiiinl (meq/g) 

Total acidity 3 - 13 7,45 

Carbo^^llc groups 0,5 - 12 3,38 

Phenolic groups 0,5-9 4,07 



The salt is typically an alkali metal salt such as sodium or potassium, 
or an ammonium salt. 
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Hie product which is added to the soil wiU typically be added in an 
amoBntofatleastO,02pereentbyweight GeneraUy, the amount of the 
product added wiU be less than 2 pereent by weight and preferably less 
than 1 percoit by weight. 

The product wiH generally be added to the soU and then thorougjily 
mixed with it. It has the effect of forming stable aggregates and micro- 
aggiegates, particularly in crusting and compacting soUs. This enables 
water to penetrate such soils better. Further, plant roots are better able 
to penetrate the son to make use of nutrients and moisture avaUable in 
dion. 

In one preferred form of the invention the product is an oxihumic acid 
gel produced in the following manner. An oxidised coal (hereinafter 
referred to as "oxicoal") is mixed with aqueous alkali, the mixture 
heated to a temperature above 90-Cand bekw 180'Cunder sufficient 
pressure to prevent evaporation of the water, and the elevated 
temperature maintained for a time sufficient to extract a substantial 
amount of the avaiteble humic acid from the oxicoaL After 
cooling, the resultant murture is filtered and the filtrate acidified to 
precipitate the coal-derived oxihumic add which is recovered by 
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centrifiigin& removal of the inorganic acid by washing with water, 
foUowed by centriftaging to obtain the g^ The oxicoal is typically 
produced l>y the wet oxidation process described and claimed in United 
States Patent No. 4,912^56. 

In another fonn of the invention, a gel of a coal-derived oxihumic add 
salt is produced by mixing an oxicoal with aqueous alkaU, heating the 
mixture to a temperature above 90-Cand below 180'Cunder sufficient 
pressure to prevent evaporation of the water and maintaining the 
elevated temperature for a time sufficient to extract a substantial 
amount of the available oxihumic add lh)m the oxicoal. Hie solution 
containing water-soluble oxihumic add salt is filtered to remove the 
solids. The filtrate is then concentrated until a gel forms. 
Alternatively, the concentration can continue untU a powder is formed, 
this powder bdng the oxihumic add salt (an oxihumate). On addition 
to water the salt will form a gel. 

In both of fliese forms of flie invention, Uie elemental analysis and 
functional group analysis will be as set out above. 

nie gd may contain otiier materials whidi do not adversdy aflted the 
formation of the geL For example, some solids remaining from the 
oxicoal may be presoit in the geL 
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A Waterberg coal (400g) and water (TOOml) was slurried in a 2 litre 
stirred reactor. Hie reactor was charged with oxygen to a pressure of 
8,0 MPa and heated to KWC The oxygen flow through the stirred 
sluny (at a rate of 4 litres/min) was started. 

After a reaction period of one hour the oxygen flow was terminated, the 
reactor cooled to room temperature and the pressure released to 
atmospheric The sluny was obtained flrom the reactor and filtered to 
obtain an oxicoal and filtrate. 

The oxicoal was refluxed in an aqueous solution of potassium hydroxide 
(lOg of oxicoal, 14g of potassium hydroxide in 300ml water) for seven 
hours. The insoluble residue (containing ash and unreacted coal) was 
removed by centrifiiging the extraction mixture. The supernatant was 
acidified with sulphuric add and the Insoluble oxihumic acid gel 
recovered by centrifuging. The oxihumic acid gel was washed twice with 
distilled water to remove excess sulphuric acid. 



- 7 - 



APPI irATION PROCEDURE 

DifToent quantities of onhumic acid gd woe added to 500g sub- 
samples of a strongly crusting soU. Each mixture was brought to field 
capacity with distilled water and then well miwd. Each sub-sample was 
then incubated in a ^ss beaker in a daric cupboard in a room which 
was kept at a constant temperature of 2rC for 5 weeks. After 5 weeks 
sub-samples of the oven-diy samples were wet-sieved mechanically 
through a O^mm sieve. Hie soil on the sieve remained submerged in 
water throughout the sieving process. Sieving was done for 4 minutes 
at 75 oscillations per minute. After sieving, the material remaining on 

» 

the sieve was quantitatively transferred to a glass beaker and oven- 
dried at 105*C before determfaiing the mass of this material. 

The control was treated In exactly the same manner as the other 
samples, except that no oxihumic acid gel was added. 

A commerciaUy available soil conditioner (PVM/5) was used 1^ way of 
comparison. The procedure was the same, save that the oxihumic acid 
gel was replaced by PVM/5. 

Each determination was done in duplicate. The results obtained are 
shown in the Table 1. 
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Eflidendes of Waterberg oxihiuiuc add gel, a coal^erived 
oxihumic product, and of a commerdally available synthetic 
sou conditioner In creating stable micro-aggtegates in a 
strongly crusting soil 



1 Treatment 

1 


Application rate 
% 


Waters table > 0,2^ 
aggregates^ 


1 

1 Control 

1 

1 WHA* 
1 do 
1 do 


\ 

0 1 34,0 

1 1 
0,1 1 89,7 . 1 
0,5 1 67,7 I 
1,0 1 63,9 1 



I 

i PVM/S 
fl do 
I 



0,2 
2,0 



37,1 
93,6 



* WHA = Waterberg oxihumic add gel 

** PVM/5 = A commercially avaUable synthetic soil conditioner. 
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EXAMPLE 2 

An oxihumic add gel was produced in the manner set out in Example 
1. 

A potassium oxihumate gd was produced in the manner set out for the 
preparation of the oxihumic acid gd of Example 1, save that the 
supernatant was not addified. Similarly, an oxisodium humate gel was 
produced by repladng the potassium hydroxide by sodium hydroxide. 
An ammonium oxihumate gd was produced in a similar manner by 
repladng the potassium hydroxide with ammonium hydroxide and the 
reaction wth the oxicoal was carried out under ambient conditions. 

Two light gr«y top soUs of alluvial origin, one from Uickhofr and one 
from Addo, were used. Both soils are characterised by a very high 
proportion of fine material, Ia fine sand and fine silt The effects of 
the coal-derived oxihumic products above on the stability of these top 
soils were studied. 
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yvFT SIEVING 

Hie preparatioii of sofl for wjt sieving consisted of weigiiing out of 2S0g 
air^iy soil, adding the correct mass of the product to give a spedflc 
mass percentage, adding of the optimum quantity of water to provide 
crumbing during mixing and thoroughly mixing these. The optimum 
quantity of water was determined empirically before hand for each soil. 
The soil was then incubated in a controlled temperature room at 2TC 
for one week. A system of alternative wetting and drying was used. 

In initial studies it was found that alternative wetting and drying gave 
much better structure stabilisation by the products than a qrstem where 
the soil was kept continuously at about field capacity. 

After one week the soU was oven-dried for 24 hours at 105*C Two 
samples of 50g each of the oven^iry soO was then used for wet sieving. 
Wet sieving was done through a 0;S5mm sieve on a mechanical wet 
sieving machine with a vertical dipping action. Sieving was done for 4 
minutes at 60 oscillations per minute. The soil remaining on the sfeve 
was quantitatively transferred to glass beakers, oven^Iried at lOSrC for 
24 hours and weighed. 



The results obtained are set out in Tables 2 and 3. 
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TABLE 2 



Effects of selected coal-derived oxihumic products on soil 
aggregate stability in the Lflckhoff soil, as determined by wet 
sieving. 



Product 



Form 



Application 
rate% 



% soil remaining 
on 0,25mm sieve 



Control 

Oxihumic Acid 



Gel 



Ammonium Oxihumate Gel 



Sodium Oxihumate Powder 



Sodium Oxihumate Gel 



0,017 
0,083 
0,330 

0,100 
0,200 

0,013 
0,025 
0,050 
0,125 

0,013 
0,025 
0,050 
0»125 



33,4 

68,9 
72,4 
79,8 

47,0 
43,9 

37,0 
45,6 
47,6 
43,7 

37,9 
40,0 
43,9 
55,9 
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TABLE 2 

Effects of selected coal-derived onhumic products on soU 
aggregate stability in the Addo soil, as determined by wet 
sieving. 



Product 
G>ntrol 

Oxihumic Acid 



Form 



Gel 



Ammonium Oxihumate Gel 



Sodium Oxihumate Powder 



Sodium Oxiiiumate Gel 



Applicatioii 
rate% 



0,019 
0,097 
0,193 

0,010 
0,051 
0,102 
0,205 

0,013 
0.025 
0,050 
0,125 

0,013 
0,026 
0,051 
0,128 



% soil remaining 
mi 0,25mm »e>v 



23,3 

56,2 
57.6 
53,8 

40,1 
49,8 
53,7 
61,2 

37,2 
47,9 
52,7 
56,5 

33,3 
40.3 
67,5 
55,7 



It will be noted bom both Tables 2 and 3 that a signiGcantly higher 
percentage of soil remained on the sieve with the soils treated with the 
coal-derived oxihumic product when compared with the control. In other 
wonis, the coal-derived oxihumic products improved the soil aggregate 
stabilitv of the soils, even at low application rates. 



f 
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RAINFATX SIM T" ATION STUDIES 

Soil preparation for the rainfall simulation studies was identical to the 
preparation for the wet sieving studies. Specially made perforated 
polythene trays which are about 300mm wide and 500mm long were used. 
Tissue paper was spread on the bottom of the tray. On top of this lOrart 
of coarse quartz sand was put, with 8kg of crumbed soil added on top (i.e. 
about 20mm thick). 

The soil was then incubated in a laboratoiy where diying was effected by 
a fan-type heater. Alternate wetting and diying was employed. In the case 
of the Luckoff soil an incubaUon period of one month was used. The 
Addo soil was incubated for one week. 

After incubation, the trays were transferred to the teboratoiy scale rainfall 
simuUitor. A slope gradient of 5% was used. The soil was pre-wetted with 
zeitMjnergy mist rain and then subjected for two hours to a rainstorm 
with an intensity of 42mm/h. Inffltratlon rate and soil loss (erosion) were 
determined. 



The results obtained are set out on Table 4. 
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Effects of selected coal-derived oxihamic products on final 
infiltration rate (FIR) during laboratoiy scale rainfall 
simulation studies. 



Product Form Appl^^^^^^ piR (mm/h) 



LBckoff soil 
Control 



3,0 



Oxihumic Acid Gel 0,038 7.1 

Ammonium Oxihumate Gel 0,125 7,5 



Addo soli 
Control 

Ammonium Oxihumate 
Potassium Oxihumate 

Potassium Oxihumate 

It will be noted that the InfiltraUon rates for the soils treated with the 
coal-derived oxihumic products was higher than the control, particularly 
with the Lflckoff soil. The ammonium oxihumate did not improve the 
final infiltration rate of the Addo soil. 



0 3,4 

0,125 3.4 

Powder 0,250 5,0 

1,000 S,7 

Gel 1.000 5,4 
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CLAIMS 



L 

A method of conditioning a soil includes tlie step of applying to that soil 
a coal-derived product selected from an oxihumic acid gel, a gel of an 
oxihumic acid salt, an oxihumic acid salt capable of forming a gel in 
water and mixtures thereof. 



A method according to claim 1 wherein the soil is a crusUng 
compacting soil. 



3. 

A method according to claim 1 or claim 2 wherein the application 
mixing the product with the soil. 
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A method according to any one of the preceding claims wherein the 
product has an elemental analysis and fiinctionai gn>np amilysis, both on 
an air-dried basis, o& 



FT FMfi™^ ANALYSIS 



Range (%) 
30 -70 
2 - 6 
0,1- 5 



Element 
Carbon 
Hydrogen 
Nitrogen 

Snlphnr " 
Oxy&^n 20.45 

yi^rT ^n>lXL T rR^^T ANALYSIS 

y,„..Hnn«l Group Sanse (meq/g) 

Total acidity 3 - 13 

Carboxylic groups ' ^ 

Phenolic groups ' ^ 
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9. 



A method according to any one of claims 1 to 3 wherein the product has 
the folloiving elemental analysis and functional group analysis, both on 
air-dried basis as follows: 

ri iriiy^p;|MTAf . ANALYSIS 

Element Pm^ntag^ 
Carbon 5^*^ 
Hydrogen 2J 
Nitrogen 
Sulphur 

Oxygen ^^'^ 

FTTVrTTONAl r.pmiP ANALYSIS 

y,ifirrinnal GrouD Amqm% 

Total acidity ^••^S 

Carboxylic groups 3J8 

Phenolic groups -^^^^ 



6. 

A method according to any one of the preceding claims wherein the salt 
is an alkali metal salt. 

7. 

A method according to any one of daims 1 to 5 wherein the salt is an 
ammonium salt. 

8. 

A method according to claim 1 and substantially as hereinbefore 
described. 



Published 1991 at The Raent Office. State House. 66/71 H«|i Holbom, "^.^JS.!^^ fiJtS^C^ k«h 

Saka Branch. Uidt 6^ Nine Mde PWnt Cwmfehnfech. Cross Keys. Wewport. NPl 7HZ. Prtntrd by Multipkx technkpie. hd. St Maiy Cray. Kem. 



